The presence of the so-called "dark cell" has been reported in the liver, (C I a r a, 1932, T a u c h i et al., 1953) as well as in the kidney, small intestine and in the cancer tissues (T a u c h i, 1961), even in the light microscopic observation. The proper cell is confirmed its presence also on the electron microscopic level, in the liver (T a k a g 1960 , 1964 , Yasuda et al., 1968 and in the pancreas (I c h i k a w a, 1967), within the range of the parenchymal organs. During the course of the histochemical experiment to demonstrate the site of succinic dehydrogenase, unexpected accumulation of the dark cells was found in the normal chick liver.
While in the tissue blocks from the same liver and treated with the regular procedure for the electron microscopy, there are only few dark cells scattered randomly in the tissue. These phenomena awake interest in searching for the conditions to facilitate the appearance of the dark cell in the liver.
The present study was undertaken to look for the experimental condition to visualize the dark cell in the chick liver, aiming at the elucidation of reason for the appearance of the dark cell.
Materials and methods
The animals used for this experiment were adult domestic chicks. The livers were excised as quickly as possible after the sacrifice by decapitation.
The tissue was cut into small pieces or thin slices by razor blades in the cold fixatives or in the experimental reagents. The small blocks or thin slices prepared from unfixed, non-frozen fresh liver tissue were immersed in the variety of the incubation media for 30 minutes at 0°C and for successive another 30 minutes at room temperature. The blocks or slices were then washed for 15 minutes with three changes of the rinsing solution which was corn-posed of 0.1 M phosphate buffer adjusted at pH 7.4. Fixation with osmium tetroxide, dehydration in rapid sequential changes of cold ethanol and embedding with epoxy resin (L u f t, 1961) were carried out as a regular course for the preparation of the electron microscopic specimens.
Ultra-thin sections were obtained by use of PorterBlum MT-1 ultramicrotome furnished with glass knives. The specimens were doubly stained with uranyl acetate and lead citrate (R a y n o 1 d, 1963), and were examined with HU-11B electron microscope operated at 75 KV. About 1 1i-thick epoxy sections were stained with toluidine blue.
Result
As already described, this work was motivated by the fact that a cluster of the dark cells was found in the tissue blocks treated with the incubating media for succinic dehydrogenase, which was composed of sodium succinate, 100 mg, 0.1 M phosphate buffer pH 7.0, 13 ml, 0.1 M sodium citrate, 0.6 ml, 30 mM copper sulfate, 2 ml, distilled water, 0.4 ml, 5 mM potassium ferricyanide, 2 ml and of sucrose, 3 g.
To examine which component in the incubating media is responsible to the visualization of the dark cell in the liver, blocks or thin slices of liver were applied to each component of the media, one by one, for 30 minutes before the fixation with osmium tetroxide.
As shown in Table 1, treatment of the unfixed tissue with 0.88 M Table 1. sucrose, sodium citrate and with sodium succinate enhances the appearance of the dark cell. As for the, hypertonic solution represented by the sucrose solution, more than 0.44 M is found to be effective (Table 2) . Besides, it was also noticed that the number of the dark cells tend to in crease in relation with the increase of the molarity of the sucrose Experimental Study on the Dark Cell 169 Table 2. solution.
The next experiment is to look into the effect of sodium salts, since sodium citrate and sodium succinate are already proved to have some effort to the appearance of the dark cell.
The incubation of the fresh tissue in four sodium salts (Table 3) failed to accelerate the visualization of more dark cells than the number which can be found in the normal liver. Similar negative results are obtained in the examination of the effect of pH (Table 5 ). In other words, variation of pH of the pretreatment solution is not the influenceous factor for the dark cells. The variety of the fixatives are tested as listed in Table 6 . Usually, the cells which surround a bile canaliculus are 5 to 6, within which one or two are occasionally the dark cells.
The dark cells are also seen in the sinusoid, falling away from the glandular arrangement of the liver cell. The figure of the dark cell under the examination with electron microscope is fairly heterogeneous.
Some dark cells have welldeveloped cell organelles in very compact form, while others have unusual concentration of the ribosomes with very poor rough-surfaced endoplasmic reticulum and the Golgi complex.
Three or four types are distinguishable depending upon the density of the cytoplasmic matrix, feature of the cell organelles and upon the presence or absence of the large fat droplets.
These types of the dark cells coinicide very well with the types classified by Tau chi (1953) . These four types are, 1) transition form, 2) initial form, 3) intermediate form and 4) terminal form.
But it is not clear, whether or not the appearance of a certain type of the dark cell is regulated by the corresponding pretreatment reagent.
Discussion
As for the explanation for the appearance of the dark cell, T a u c hi et al. (1953) suggested that this phenomenon is an aspect of the senile decay, being based on the change of the colloidal condition in the cytoplasm from sol phase to gel phase and on the alternation of isoelectric point of the cytoplasm. He also reported the presence of the dark cells even in the normal liver, as well as in the liver of the patients of various kinds of diseases, of the animals that are under starvation and of the experiment animals that are on the way of recovery from the starvation. Takagi (1960) examined the dark cell with electron microscope and conjectured the cause of the appearance of the dark cell as the results of acute intoxication, physiological senile condition, disturbance of the blood flow and of inadequate nutrition.
According to him, the dark cell is condensed and dehydrated all over the cytoplasm and shows extreme rise of the electron density.
The cytoplasmic matrix is very narrow and the cell organelles are concentrated in the narrow cytoplasm.
This condition of the cell is called " shrivelled necrosis" by T a k a g i. In this definition, the dark cell is a sort of the condition of the senile cells which stopped the physiological function and remained in the resting or necrotic state.
Back to the result of this report, the multiple appearance of the dark cells by the pretreatment of the fresh tissue with hypertonic solution is rather understandable in view of the aforesaid reasons, which consist of the dehydration of the cytoplasm and the alter-nation of nature of the cytoplasm from sol phase to gel phase. On the other hand, the interpretation on the effectiveness of sodium citrate and sodium succinate is difficult, since both solutions are used at the consistency of 0.1 molar solution which is not the hypertonic solution.
The pH of the former solution is 7.9 and the latter indicates 8.2. These pH values do not extremely deviate from the neutral point and are not likely to give the fundamental alternation of the nature of the cell. The thing which is in common between the two reagents is the fact that these two are a kind of the chelating reagent.
But, how the chelating reagent works on the formation of the dark cell in the liver is still obscure.
Anyhow, it is worthy of note that the chelating reagents could be-one of the causes to make the dark cell appear in the liver.
In other words, some of the presumptive dark cells in the liver may turn into dark cells, by the treatment of the tissue in the chelating reagent.
It is assumed that there are two kinds of the origins of the dark cells in the liver. The cells which belong to the first type are originally the dark cells which submit to fate to be the dark cell from the beginning.
They demonstrate themselves as the dark cell even by the regular treatment of the tissue for histology. There are three or four variations in the feature of the dark cell of the first type. This variety coincides with the types classified by T a u c h i et al. (1953) in the light microscopic observation.
The second type is the presumptive dark cell, which has the predisposition to be the dark cell. These cells do not appear as the dark cell or are difficult to show themselves as the dark cell, if the tissues are treated in the regular procedure for histology or for electron microscopy.
But these cells, at least some of them, are subjected to the influence of factors which are already mentioned as the causes for the visualization of the dark cell in the liver, for example the hypertonicity of the fixatives, dehydration of cells in some of the disease, starvation and the condition in the recovery from the starvation.
The population of the dark cell in the liver, therefore, seems to depend on the number of the natural dark cell and on how many presumptive dark cells are brought into visualization by the treatment of the tissue in the given reagent.
Conclusion
The factors which enhance the visualization of the dark cell in the chick liver were examined, taking the hint from the fact that the pretreatment of unfixed liver tissue in the substrate solution for Forschung, 31 : 193-249, 1932 . Small oval-shaped cells and the round cells seen in the blood vessels are not the dark cell but the red cells and the leukocytes.
Thick section of epon-embedded chick liver, stained with aqueous toluidine blue.
x 400 Fig. 2 . The dark cells tend to appear in the elliptic shape rather than square form, after the treatment with 0. 88 M sucrose. Epon-embedded section. x 400 Fig. 3 . The edge of a tissue block is seen in the upper part of the photograph. The dark cells occur regardless of the distance from the margin of a block, indicating that the grade of the penetration of the fixative or the experimental solutions does not influence the appearance of the dark cells in the liver. Eponembedded section.
x 400 Fig. 4 . The general view of the typical dark cell in the chick liver. The tissue was treated with the incubating medium for succinic dehydrogenase omitting potassium ferricyanide.
Two cells on the left side are the regular liver cells which are distorted under the hypotonic condition, though the dark cells remain intact under the same condition.
x 7,500 Fig. 5 . Two dark cells sit facing each other with a bile canaliculus between them.
The less dense cells are the regular liver cells. x 7,500 Fig. 6 . The dark cells contain fat granules, lysosomes, well-developed Golgi apparatus, mitochondria as well as well-developed rough-surfaced endoplasmic reticulum. The cytoplasm is full of free ribosomes, but they are lacking in the microvi"i pr'truding into the bile canaliculus. x 12,500
